Abstract Public support is crucial for successful implementation of wastewater reuse projects. This paper analyses the findings of a questionnaire-type survey (256 participants) conducted to determine the attitude of Israeli urban public towards possible urban reuse options. The paper summarises the support / objection to 13 reuse options and the correlation between support and environmental awareness and perceptions. Results show that a high proportion of the participants supported options perceived as low-contact, such as irrigation of public parks (96%), sidewalk landscaping (95%) and use in the construction industry (94%), while highercontact reuse options found less support (e.g. commercial launderettes, 60%). No correlation was found between biographical characteristics and support (education, gender, income, age). Based on the results, public campaigns in Israel should focus on disseminating information regarding wastewater treatment technologies, discuss health related issues, highlight the positive economic impact of water reuse and generate a positive public opinion, as these factors tend to influence individuals to support reuse projects.
Introduction
In contrast with common belief, it has been shown in many cases that the importance of economic and environmental feasibility is only secondary to the support of the general public, when implementation of wastewater reuse projects is considered. Irrespective of scientific evidence, public opposition can cause wastewater reuse projects to fail before, during or after their execution. Public opposition to wastewater reuse schemes results from attitudes, prejudiced beliefs, lack of knowledge and fear and distrust, which are often not unjustified judging by the failures of wastewater treatment plants worldwide (Okun, 1991; Wegner-Gwidt, 1991; Jeffrey and Temple, 1999) . Urban wastewater reuse projects, and in particular domestic non-potable uses are very likely to cause concern in some population groups that may lead to a complete rejection of reuse schemes. Based on several examples from Australia, Gibson and Apostolidis (2001) state that communities are extremely volatile on issues associated with recycling, and that public opinion often shifts dramatically based on a small change in the information supplied. A number of large-scale wastewater reuse schemes in the USA (aquifer recharge) were constructed but never became operative due to public opposition apparently resulting from insufficient dissemination of information to the public (DeSena, 1998; Hartling, 2001) . Van der Hoek et al. (1999) reports on a survey performed in Amsterdam in which 97% and 80% of the public supported wastewater reuse for toilet flushing and for clothes washing respectively. Surveys performed in Australia (Denlay and Dowset, 1994) indicated that public's reluctance to support reuse increased as the degree of human contact with the reclaimed water increases, with 97% and 96% of the public supporting wastewater reuse for irrigation and for toilet flushing respectively, but as low as 20-30% supporting potable reuse. Bruvold (1984) strengthened this statement based on 9 different public surveys. Bruvold further characterised the typical objector as having low socio-economic status, is of elderly age, and has low awareness of water and environmental issues. In some surveys females were found to be more opposed to reuse than males.
Hartling (2001) describes three main measures that if implemented correctly may ensure public acceptance of wastewater reuse schemes: 1) To be transparent and reveal all the facts about the project; 2) to talk to the public on their own level, in a language they understand, and in a clear and interesting way; 3) to have the public participate in the decision making process. Ashley et al. (2001) indicated that publicity (including advertisement in the media), education and actual inclusion of all stakeholders (politicians, experts and general public) in the decision making process are the key elements for successful design and implementation of water or wastewater projects. Gibson and Apostolidis (2001) stated that the community should be involved in all levels of decision making, and that the best way to involve the general public and to gain its support is through successful demonstration projects.
Although a few public opinion surveys on water reuse are found in the literature, almost all come from a limited number of locations (US, Australia, Western Europe), while it is likely that studies are required in each national and sometimes sub-national context. This is due to the large variation in culture, climate, water availability, economy, etc., which makes the transferability of findings from one country to another somewhat problematic. An interesting example that emphasizes this point is a survey that was conducted in Doha, Qatar, that revealed that in stark contrast to most results obtained elsewhere, a large percentage of the respondents opposed even relatively low-contact reuse options (Ahmad, 1991) .
Israel is a semi-arid country repeatedly suffering from severe water shortage. As a result, agricultural wastewater reuse schemes were initiated four decades ago, and to date 65% of the municipal sewage is reused for agriculture. By the end of the decade more than 90% will be reused. As the potential for reuse of agricultural irrigation will reach its capacity in the near future, and because of the clear benefits of reusing water close to where it is generated, urban reuse options are presently gaining support. Because water reuse in Israel is implemented outside the cities, the exposure of most city inhabitants to the massive use of reclaimed water is minimal. However, most Israelis, regardless of where they live, are highly aware of the water shortage problem, which stands high on the national agenda.
Experience gathered in the last 3 decades clearly shows that a successful reuse project should be preceded by a successful public campaign, the emphasis of which is best determined by conducting a public opinion survey. Such a survey was never conducted in the urban sector in Israel, despite its established water reuse practice. This paper presents the findings of a survey performed on un-exposed Israeli urban public. The main research goals were: 1. To estimate the level of opposition / support to various urban wastewater reuse options. 2. To reveal critical issues of concern which should be specifically addressed in future public campaigns. 3. To assess the social characteristics of a typical "objector" to wastewater reuse (if they exist), in order to assist in the preparation of better focused public campaigns.
Methods
A multiple choice questionnaire-type survey was conducted on the urban population of Haifa, which is the third largest city in Israel (about 270,000 inhabitants, ICBS, 2003) . Based on socio-economic parameters, the city was divided into five neighbourhood-based clusters. The number of people interviewed in each cluster was determined by its relative population size. Streets in every cluster were randomly selected. In each, three residential E. Friedler and O. Lahav buildings were arbitrarily selected, the residents of which were asked to fill in a questionnaire, with a total of four people per street. These were the first ones agreeing to participate in the survey in the chosen buildings, with a maximum of two persons per building. When the volunteers failed to find four persons agreeing to participate (from the pre-selected buildings), they randomly selected another building in the same street and repeated the above process. Four students delivered and collected the questionnaires. They stayed with the participant and clarified the terms used in the questionnaires when asked, without revealing any personal opinion. Participants were assured that anonymity would be strongly kept. The questionnaires consisted of general instructions, a short explanation of the topic of the survey, and three sections that should be filled in by the participant: 1. Biographical data -Four variables identified the biographical background of each participant: i. Gender ii. Age 18-30 years old, 30-40, 41-50, 51-60, above 60 years old. iii. Education Less than 12 years, 12 years (high school education), more than 12 years. iv. Income level Below average, Average, Above average 2. Reuse options -Participants were asked to mark each reuse option (Table 1 ) on a scale of 0-4 (0 -strongly oppose; 1 -oppose; 2 -indifferent; 3 -support, 4 -strongly support). 3. Environmental perceptions -Participants were asked to grade (in similar manner to the above) 8 questions related to their environmental perceptions and awareness: (i) the state of the water sector in Israel; (ii) the ability of current wastewater technologies to produce effluents suitable for the proposed wastewater-reuse options; (iii) whether the public in Haifa would support the proposed reuse options; (iv) the extent of water resources pollution in Israel; (v) the economic benefits to the public from urban wastewater reuse in Haifa; (vi) health risks associated with urban reuse; (vii) the capability of relevant authorities to maintain a high effluent quality; (viii) economic gains to the individual person from implementation of reuse scheme in the city.
Data analysis
Each reuse option (Table 1) was graded by averaging of all the grades given by the participants and normalised to 0-100 scale, where 0 is complete refusal and 100 is complete acceptance. Each option further received a relative weighing factor, proportional to its impact or the level of personal contact as perceived by the authors (the sum of all weighing factors being 1). For example: Fire fighting has a weighing factor of 1/22 while reuse in commercial launderettes has a weighing factor of 3/22. This is due to the fact that the impact (real or perceived) of the latter option was thought to be higher than the one of the first option. The weighted grade in each questionnaire was calculated using equation (1):
where: G-weighted grade on a scale of 0-100% (higher grade indicates higher support); S i -score of an individual reuse option (0-4); W i -weighing factor of each reuse option (see Table 1 ); N-number of reuse options (13). Weighted grade above 56 was considered supportive, below 44 the participant was considered opposed, and between 44 and 56 was considered as having no firm opinion. The weighted grades were used in attempting to correlate between level of support and biographical characteristics, and between level of support and personal opinion/beliefs.
Results and discussion
A total of 256 people filled in the questionnaire ( Table 2 ). The cooperation rate was around 50% (i.e. for each person who agreed to participate, one refused). The refusal rates in the lower education level group were somewhat higher than in refusal rates in the higher education level one. Thus, the higher education level group had higher representation than its proportion in the general population. This is a known phenomenon that may have caused a slight bias in the results, as highly educated people tend to be better informed on environmental and social issues, although in this work no correlation was found between education level and support of water reuse. The proportion of male participants was lower than their proportion in the population. The age distribution of the participants agreed well with the distribution of the Haifa population, with some over representation of the 18-30 year old age group. Income level of the sample agreed very well with the distribution of the income of the Haifa population, with very small over representation of the low-income group. Figure 1 shows (as expected) that in general the higher the personal contact with the reclaimed wastewater, the less support and the more opposition is expected by the public. Reuse options perceived as "low contact" received over 90% support (e.g. fire fighting and reuse in construction of buildings), while reuse options assumed to have "high contact" received relatively low support (e.g. 60% for commercial launderettes). These agree well with the findings of Bruvold (1984) , Crook et al. (1994) , Denlay and Dowset (1994) and others. Moreover, the results show relatively high support for reuse options that may have close contact, such as private gardening and WC flushing. A closer look into Table 1 and Figure 1 shows that the perceptions of the degree of contact of the authors and the public may differ, as in the case of irrigation of public parks which was perceived by that authors as having medium contact while the public support was very high, and the reuse in electronic industry that was considered by the authors as very low contact while it received a relatively low grade (79%). This is a very important point that should be considered when planning reuse schemes: Public perception may differ from the "conventional logic" of experts. Using equation (1), weighted grades were calculated for each questionnaire. Then, the distribution of the weighted grades was calculated. Figure 2 -A depicts the histogram distribution of all weighted grades. It can be seen that participants expressed very high support towards urban reuse with an average grade of 82.6 (median ¼ 90). The highest proportion of the public (28.1%) gave a weighted grade of 91-100 (complete support), and over 50% of the participants gave a weighted grade of above 80%. The frequency histogram as indicated by the very small number of people strongly objecting to the concept of urban reuse (only 3.9% giving weighted grades of 40 or less, and with none giving a weighted grade of less than 21).
In order to analyse the effects of biographical data, weighted grades were lumped into three categories (Figure 2 -B-C-D): Support (weighted grade of 56-100); no opinion (45-55); oppose (0-44). Figure 2 -B shows that the higher the education the higher support level and lower opposition, however this tendency was not proven to be statistically significant (One-way ANOVA, P ¼ 0.122 . 0.05). In contrast to common belief that older people tend to be more conservative in this respect, the survey rather showed that support slightly grows with age, but this again was not statistically significant (Pearson correlation, P ¼ 0.387 . 0.05; Figure 2-C) . No correlation was found to exist between gender and level of support (Independent-Samples t test, P ¼ 0.875 . 0.05; Figure 2-D) , which contradicts previous findings (Bruvold, 1984; Marks, 2004 Table 3 . No correlation was found between awareness of water and environmental issues and support of urban reuse. This can be explained by the fact that these issues appear on the local media frequently, and thus there are very few people who are not aware of the problem (as reflected by the fact that only 5.4% of participants declared themselves completely unaware while 89% perceive themselves to be highly aware). Further, no correlation was established between support and belief of existence of appropriate treatment technology, or belief that authorities are able to maintain a high effluent quality. Highly significant negative correlation was found between the belief that wastewater reuse can cause negative health effects and level of support. Positive correlation was found between support level and perception of personal economic gain, economic benefits to the community, and support of the general public. The latter correlation should be treated with caution, since the cause and effect of personal support and public support may be somewhat interrelated. 
Conclusions
Generally speaking, the survey shows considerable support for urban wastewater reuse schemes. However, the survey also points out several important issues that have to be considered before a new wastewater reuse scheme is to be implemented: † Public perception of the degree of contact and thus the associated risk of various reuse options may differ from that of professionals. This emphasises the importance of understanding the concepts prevailing in the public and finding an effective way to disseminate the knowledge. † In contrast to previous publications, no correlation was found between biographical characteristics (age, gender, education level, and income level) and the level of support of urban reuse. Nevertheless, in contrast to results from the US, and although not proved to be statistically significant, older people in Israel may be more supportive than youngsters. Thus, campaigns might consider concentrating in the younger fraction of the adult population. The survey results may have been slightly biased towards higher support of wastewater reuse because of an overrepresentation of highly educated people in the sampled population. However, it should be noted that no such correlation was found in the present study. † High negative correlation was established between perception of possible health risks and the level of support. Consequently, public campaigns should fully inform the public of the degree of health risk associated with each reuse option, and the means that will be taken to minimize it. Based on experience from Australia, the best way to try and convince the public on this crucial subject is to construct and operate demonstration sites prior to construction of full scale schemes, and to invite the public to visit in order to alleviate fears. † Based on the results, public campaigns should emphasise the potential economic benefits of the planned water reuse project to the city in general and to individuals in particular.
